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PORTAL ASSESSMENT DESIGN SYSTEM FOR EDUCATIONAL TESTING 



FIELD OF THE INVENTION 



The invention is generally related to evidence-centered assessment design, which may be 
implemented for educational testing. More particularly, the invention is related to an assessment 
design system for constructing assessment models, which may be used to generate tests for any 
j;j5 educational purpose. 

o 

PJ 

□ BACKGROUND OF THE INVENTION 

A 

w . 

y. In the world of educational assessment, assessment design is just beginning to emerge as 

P a discipline, as a practice, and as an application for a number of reasons. An assessment is a 

ru ■ 

FU machine for reasoning about what students know, can do, or have accomplished, based on a 

ru 

Cp|o handful of things they say, do, or make in a particular setting. Any assessment is more than this, 
of course. All assessments are embedded in a cultural setting, and address social purposes both 
stated and implicit. Assessments communicate values, standards and expectations. Some 
assessments are opportunities to extend learning. Other assessments don't even look like 
assessments as we usually think of them (i.e., as high-stakes standardized tests); they look like 
15 conversations between students and teachers, or one student with another. 



In assessment design, our concern is with the scheme that they all have in common: the 
reasoning that relates the particular things students say or do, to what they know or can do as 
more broadly conceived. Therefore, assessment design is the creation of the underlying scheme 
that governs the implementation, delivery and maintenance of an assessment. In educational 
20 assessment (also known as educational testing) the relevant underlying scheme is the validity 
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argument, i.e., the model-based substantive and statistical argument that constitutes a defensible 
rationale for using a particular assessment for a particular purpose. Assessment design entails the 
development, construction and arrangement of specialized information elements, or assessment 
design objects, into specifications that represent the model-based validity argument that underlies 
5 any educational assessment. 

jk To our knowledge, the Portal Assessment Design System of the present invention is the 



O only assessment design system in existence. This section includes a description of prior art 

m 

a generally related to the emerging discipline encompassing the Portal Assessment Design System 

in 

8 * a 

:^ of the present invention. 



y In historical terms, the idea of assessment and assessment (test) development has been 

O 
nj 

9 powerfully shaped by the conventions and constraints related to the universal use of standardized 
assessments for high-stakes (selection) purposes. The requirements for inexpensive 
administration under standardized conditions for very large numbers of individuals in widely 

15 varying environments distributed over large geographic areas led to the development of a 
conventional assessment delivery system whose processes included 1) paper and pencil in 
combination with multiple choice response item format for assessment presentation; 2) simple 
key matching algorithms for evaluating responses; 3) number right summary scores; and 4) 
linear item selection. While such processes dictate only the form of assessment, as opposed to 

20 anything related to the substance of assessment, this delivery paradigm has, in fact, had a 
profound impact on substance. In particular, the use of multiple choice response format has 
resulted in test developers' constructing items that depend more on recognition and recall than on 



1. 



Prior Art/Background: 
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more sophisticated cognitive processes. This is because such complex items are not only much 
more difficult to develop, but also the amount of information available in any given response is 
constrained by the multiple response option format, making the extra time needed to perform 
such items not cost effective. This constraint on information has led test developers to trade off 
5 between quantity and quality, the rationale being that the more observations collected within a 
I t given time, the more information and, therefore, the more reliable (albeit rudimentary) the 

p assessment (Wiley & Haertel, 1996). 

ft) 
O 

pi Even as certain processes in assessment delivery have evolved (e.g., the use of item 

UJ 

jh j response theory, adaptive item selection algorithms, and computer presentation of assessments), 

«? 

C30 little has changed to impact the focus on particular item types.' By item type we mean items 
fU developed at some point in the past whose content and format have become inextricably linked 

ru 

O with the assessment of particular proficiencies. Item types are typically characterized in terms of 

ru 

their performance components or features; the linkage between them and the proficiencies they 
purport to assess is not rationalized via a substantive validity argument but can only be 

15 demonstrated post hoc empirically/statistically. An important thing to note about item types is 
that they are usually developed not only as specific artifacts of constructs but also of purpose; 
that is, an item type frequently originates as a means not only of testing a particular proficiency, 
but a particular proficiency for a particular purpose. Unfortunately, this conflation of construct 
and purpose in the item type result in the inappropriate use of item types in assessments with 

20 different purposes and has worked against change in assessment development practices. 

Another obstacle to change is that the standardized testing paradigm has led to 
assumptions about the purpose of assessment and an accompanying lack of attention to how 
change in purpose effects all aspects of assessment. Common practice is to use the same 
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assessment for different purposes (the most common example is using 'old' high-stakes tests in 
classroom situations to support learning). When purpose changes, the requirement for reliability, 
among other things, also changes; this opens the door to different approaches to test development 
which have not really worked their way into its practice. 

5 Maintenance of the test development status quo has also been encouraged by the 

language of assessment that the standardized testing paradigm has spawned. Discussions of 

O 

* a ? educational assessment commonly include references to 'multiple-choice tests' or 'performance 

ri 

p| assessments' or 'computer-based tests,' none of which addresses what purpose is to be achieved. 

UJ 

|s| A common misconception related to the use, or purpose, of assessment is that test scores can be 

flD interpreted to make any claim of interest to any audience for information. Again, there is a lack 

rii 

f II of attention to the impact of purpose on all aspects of the content and structure of an assessment. 

ru 
a 

flJ 2. Prior Art/Current practice 

Current assessment design practice, with related tools and principals that guide and 
support it, is, in general, carried out from either a task-centered perspective or a cognitive and/or 

15 measurement model-centered perspective. Current principals, tools and guidance focusing on 
task (item) development entail implicit assumptions about the claims and evidence associated 
with the assessment. Current principals, tools and guidance focusing on cognitive models or 
measurement models (i.e., quantitative approaches to integrating evidence) entail implicit 
assumptions about the entire substance of the validity argument in terms of its relationship to the 

20 purpose of the assessment, beginning with the specific inferences that must be supported by 
evidence to achieve the purpose. 
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Task-based Perspective: 

The preponderance of what passes for assessment design falls into the task-centered 
category. The most salient feature of work done from this perspective is that item or task 
development is commonly conflated with item authoring. That is, there are many tools for 
authoring (implementing) items which assume the existence of a design. In fact, the only design 
that test developers typically have stated explicitly is the test specification. The test specification 
contains all the information needed to assemble item forms, pools and/or vats: how many of 
which item types, at what levels of difficulty, and covering what kind of content need to be 
included. A test specification does not rationalize item types in of terms claims and evidence. A 
test specification, therefore, assumes the majority of the substantive validity argument - assumes 
that these items will provide the evidence needed to support the inferences relevant to the 
assessment. Given a design restricted to the specification of item types, it is a natural and 
predictable consequence that test development actually focuses on authoring support for item 
types. By authoring support we mean tools and systems that allow for the stand-alone 
development of assessment items or tools and systems incorporated into assessment delivery 
mechanisms that can generate or author items 'on-the-fly.' 

Authoring systems commonly provide physical models of item types, as opposed to 
content models ( like task models and task specifications in the Portal Assessment Design 
System). A physical model lays out the formatting characteristics for an item model: the absence 
or presence of stimulus material, the format of instructions to those taking the assessment, the 
format of the prompt, and format of response options (for multiple choice response items). 
Design of the item in terms of features that may affect its difficulty or its construct-relevance 
happens only in the head of the item developer as they use the physical model to author an item. 
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Therefore, the actual content of items is made up de novo over and over again. Common 
guidelines for test development may evolve in any particular item development environment; 
these may or may not be formalized. Even so, formal expressions of such guidelines again are 
related to particular item models (for example, Osterlind, 1999) or, more generally, to the culture 
of assessment as it relates to sensitivity or motivational issues. 

Cognitive/Measurement Model Perspective: 

Cognitive theory is useful in illuminating the construct of interest in an assessment, but is 
not sufficient in and of itself to specify the claims (inferences) relevant to achieving the purpose 
of a particular assessment, the evidence required to support these claims, and the tasks necessary 
to elicit that evidence (for example, see Foa, 1965). Measurement models represent the 
quantification of how observations of student work or behavior change our estimates of their 
knowledge and/or skill. They are the mathematical machinery that operationalizes the 
relationship between evidence and proficiency. A consideration of statistical properties of items 
as the vehicle for test design results in the following kind of validity argument: '...the question 
of what the test is measuring is operationally defined by the universe of content as embodied in 
the item generating rules' (Osborn, 1968). This is design by test specification, or backwards 
engineering of a validity argument from empirical data. 

Other: 

Some approaches mix a focus on constructs with a focus on tasks. This is where the 
understanding of knowledge, skill or ability is extracted from the study of the construct in the 
context of particular assessments. Then item types, or models, are developed to target the 
construct. However, the purpose of the assessments in which the construct is studied are not 
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taken into account, which leads to the development of item models (types) that may not be 
appropriate for use with assessment of the construct for a different purpose -e.g., diagnosis for 
learning as opposed to selection (for examples, see Embretson, 1985; Sternberg & McNamara 
1985). Throughout, knowledge/skills and tasks are directly connected without any explicit 
definition of the characteristics of student work that would support the inferences relevant to the 
assessment. Further, 'The most difficult part of any measurement process involves the 
specification of its intents in a fashion that leads to effective measurement outcomes. There is 
little guidance for this key part, especially as new. Complex tasks are incorporated into the 
process. The traditional multiple-choice procedures are colored by the subtest homogeneity 
paradigm. That is, subtest are given labels that, at least functionally, describe types of items 
rather than abilities. Where test specifications within subtests are created they mix these item 
type specifications with skill specifications that don't link easily to curricular goal frameworks. 
These frameworks, where they exist, are seldom linked to subtask labels except by the assertion 
of the test constructors. Regardless of the validity of this traditional test specification technology, 
it gives little guidance to the process of specifying measurement intents for extended assessment 
tasks." (Wiley & Haertel, 1996). 

So, there has been some explication of assessment design issues and principals published. 
In particular, Grant Wiggins, for example, because of his interest in more complex tasks and new 
assessment purposes (see references below), has explored the design of educational assessments 
in some detail. However, most of this analysis, as with that of others, is presented as conceptual 
discussion and/or general guidelines that can be used to develop improved assessments (see 
Wiggins & McTighe 1998; Wiggins, 1998 ). The result constitutes advice as opposed to an 
assessment design object model embedded in a systematized, replicable, tool-based process. 
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3. New Art 

As described above, prior art with respect to assessment design presents many problems 
to practitioners - both conceptual and pragmatic. Conceptually speaking, most prior art focuses 
on only part of an assessment's design - either what we want to measure or the tasks we want to 
use - as opposed to creating a coherent argument that flows from not only what we want to 
measure, but what we want to claim about that, to what evidence is required to support those 
claims, to the tasks, with their features and environments, that will provide that evidence. This 
traditional conceptual framework is inadequate to the practice of meaningful assessment design 
because it lacks the following pieces of an assessment's validity argument: 

Claims: claims are the means of developing a construct-based inferential model for the 
assessment that is relevant to purpose of the assessment; claims guide the way to meaningful 
evidence design. The use of claims as a starting point in assessment design addresses the 
component of test validity that calls for the consequences of test use, or purpose, to be taken into 
account ( Messick, 1994). 

Evidence: the specific features of student work or behavior, the observation of which 
constitutes evidence for a claim; evidence is the piece of the conceptual bridge needed because, 
for any claim, it defines what the pattern of behavior or work characteristics needs to be, and 
therefore, guides the way to relevant task design. 
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In addition to these larger chunks, the conceptual framework related to prior art lacks a 
rigorously defined assessment design object model. Therefore, reasoning through the design of 
an assessment is difficult, if not impossible. 

Finally, existing conceptual frameworks tend to blur the line between design and 
implementation of an assessment. The idea that a design based on substance is a distinct entity 
and precursor to quantified specifications is absent: task design is conflated with authoring; 
inferences relevant to an assessment are conflated with measurement models. 

Pragmatically speaking, prior art primarily provides tools for implementation rather than 
design of assessments: task authoring tools, including automatic item generators; tools for the 
development of measurement models. Where design tools are available, they tend to be task- 
centered, tend to use physical rather than substantive models, and/or are disembodied from other 
components of assessment design. 

We have argued for an evidence-center approach to assessment design in many places 
(see references). However, this new art goes many levels beyond argument, advice, lore, or 
guidelines related to the design of educational assessments. The Portal Assessment Design 
System provides complete and systematic support for use of a comprehensive evidence-centered 
conceptual framework from which a coherent validity argument in the form of assessment design 
specifications can be developed in an iterative manner for any kind of educational assessment. It 
does this by embedding a full evidence-centered assessment design object model in a computer- 
based tool system. The properties of the design objects themselves in combination with the 
functionality provided by the tool system provide a powerful vehicle for reasoning through the 
design of an assessment from an evidence-centered perspective. The assessment design process 
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represented by this system supports development of a full assessment design, from the 
substantive specifications through the quantitative specifications needed for implementation. It 
accomplishes this by staging the design process into distinct/discrete, albeit inter-related, phases, 
each with its own collection of design objects which undergo principled transformation from 
phase to phase. The final specifications provide detailed guidance for implementation of all 
delivery processes, data structures and materials for a given assessment. Finally, the Portal 
Assessment Design Tool System makes assessment design on a large scale possible by providing 
the database and database management capabilities required for achieving wide-spread shared 
use of the assessment design object model and re-use of specific assessment designs. 

SUMMARY OF THE INVENTION 

The Portal Assessment Design System embodies a suite of software tools that manages 
and facilitates the creation, maintenance, reuse, distribution and storage of the entire collection of 
evidence-centered designs and design objects using a standardized design database. The tools in 
combination with the database constitute a powerful capability for capturing, organizing and 
storing assessment design information. 

The Portal Assessment Design System was developed to meet two kinds of challenges in 
the domain of assessment design: those related to the validity of assessment and those related to 
the efficiency of assessment development. 

1. Validity 

Increasingly, assessment has many intended uses; an assessment must be designed to be 
consistent with its intended use. Assessment needs to be able to capitalize on the more complex 
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data available from more complex and/or technologically sophisticated assessment tasks; 
however, unless the data coming from such tasks can be understood as legitimate evidence of 
what we wish to infer or claim about individuals who engage in the assessment, the assessment's 
validity is compromised. Assessment needs to be fair, equitable and accessible; therefore, 
features of assessment tasks and conditions must be understood in terms of their impact on 
evidence gathered from assessment. The purpose of the Portal Assessment Design System is to 
meet these challenges by 

a) providing direct support to assessment developers' use of an evidence-centered 
conceptual framework for designing assessments; 

b) providing direct support to assessment developers' use of an evidence-centered object 
model (collection of design elements, or objects) for designing assessments. 

2. Efficiency 

The activity of assessment design entails large demands for the gathering, organization 
and storage of data. To assure production of high-quality new assessment products and product 
families in numbers sufficient to meet burgeoning assessment demand, assessment development 
must be efficient and cost-effective; in addition, maintenance of on-going operational 
assessments requires efficiency in both generation of large numbers of items and developing 
items for particular levels of difficulty. The purpose of the Portal Assessment Design System is 
to meet these challenges by 

a) providing a collection of software tools that facilitate the creation of standardized 
assessment designs and their constituent elements; 
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b) providing a design repository, or database, capability for sharing and reusing 
standardized assessment designs and design objects. 

The Portal Assessment Design System embodies the conceptual framework, or principles, 
constituting an evidence-centered approach to the problem of assessment design. The evidence- 
centered conceptual framework organizes reasoning through the assessment design process to 
progress in a coherent and connected way from the intended purpose of an assessment, through 
the kinds of things we'd like to be able to say about students, what evidence we need to collect to 
support those claims, how to design tasks to elicit the required evidence, how to score these 
tasks, and finally to how to build the appropriate psychometric models. The evidence-centered 
conceptual framework facilitates the development of a construct validity argument for a 
particular assessment's tasks and scoring schemes that can be rationalized in terms of explicitly 
defined evidence. 

The Portal Assessment Design System embodies the object model used to express this 
evidence-centered conceptual framework and explicate the validity argument . The object model 
organizes information encompassing all phases of the evidence-centered assessment design 
process - from beginning data collection for assessment product requirements to final 
specifications for task creation, statistical modeling and assessment delivery. As a result, the 
object model consists of a large array of design objects, each with properties appropriate to both 
a specific kind of assessment design information and a particular phase of the assessment design 
process. Therefore, the complexity and specificity of the design objects in this object model vary 
from ones with a few simple descriptive properties used in the beginning phase of assessment 
design to ones with multiple inter-related quantitative properties used in the last phase of the 
evidence-centered design process. The explicit relationships among the design objects in the 
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object model, as well as their distinct properties, provide structure for the evidence-centered 
assessment design process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example and not limitation in the 
accompanying figures in which like numeral references refer to like elements, and wherein: 

Fig. 1 illustrates a block diagram of a Portal Assessment Design System; 

Fig. 2 illustrates a block diagram of a Domain Analysis module; 

Fig. 3 illustrates a block diagram of a Domain Modeling module; 

Fig. 4 illustrates a block diagram of a Conceptual Assessment Framework module; 

Fig. 5 illustrates an exemplary GUI form for managing documents; 

Fig. 6 illustrates an exemplary GUI form for trifle management; 

Fig. 7 illustrates an exemplary GUI form for entering a presentation paradigm; 

Fig. 8 illustrates an exemplary GUI form for entering proto rule information; 

Figs. 9A-B illustrate exemplary GUI forms for entering a proficiency paradigm; 

Fig. 10 illustrates an exemplary GUI form for entering descriptors of performance 
outcomes/behaviors ; 

Fig. 1 1 illustrates an exemplary GUI form for entering interpretation proto rules; 
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Fig. 12 illustrates an exemplary GUI form including roles of descriptors of performance 
situations in a task paradigm; 

Fig. 13 illustrates an exemplary GUI form for a task skeleton; 

Fig. 14 illustrates an exemplary GUI form for entering information for the student model 
variable; 

Fig. 15 illustrates an exemplary GUI form for entering information for the evidence 
model variable; 

Fig. 16 illustrates an exemplary GUI form for variable management; 
Fig. 17 illustrates a four process assessment delivery system; 

Fig. 18 illustrates that assessment design in the CAF includes an interaction between 
delivery processes and CAF models; 

Fig. 19 illustrates the task/evidence composite library, which contains all information 
necessary to support the operation of the four delivery processes for a specific assessment; 

Fig. 20 illustrates an exemplary GUI form for entering the student model variable with its 
15 states; 

Fig. 21 illustrates a GUI form for entering a reporting rule for the student model; 

Fig. 22 illustrates an exemplary GUI form for entering the student model with its 
distribution objects; and 

Fig. 23 illustrates an exemplary GUI form for entering the evidence model. 
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DETAILED DESCRIPTION OF THE INVENTION 

In the following detailed description, numerous specific details are set forth in order to 
provide a thorough understanding of the present invention. However, it will be apparent to one 
of ordinary skill in the art that these specific details need not be used to practice the present 
5 invention. In other instances, well known structures, interfaces, and processes have not been 
^ shown in detail in order not to unnecessarily obscure the present invention. 
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The conceptual framework, which helps users organize reasoning through an evidence- 
centered design process, is realized in the Portal Assessment Design System through a) the 
system's separation into discrete design modules; b) the manner in which the evidence-centered 



ifiJlO object model is distributed across these design modules; c) information available through Help 

ru 

(glossary and conceptual work process). The Portal Assessment Design System allows a user to 



generate assessments through the evidence-centered design process. 

Fig. 1 illustrates an exemplary three-tiered client-server architecture which may be 
employed for implementing the Portal Assessment Design System. An assessment design may 
15 be generated on a Portal client using the business rules tier and the persistent storage tier. 

The business rules tier includes three modules each of which targets a specific phase of 
the design process: Domain Analysis, Domain Modeling, Conceptual Assessment Framework. 
Each module has its own set of objects for organizing information which require increasingly 
explicit answers to the questions: what are the knowledge skills and abilities of interest, what is 
20 evidence of these, how can situations be structured to elicit this evidence. Objects include 

building blocks of information which are structured, organized, etc., based on the requirements 
set forth in each model. 
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In Portal, the basic unit of organization is the project. The creation of a Portal project (a 
function available in any of Portal's design modules) results in the initialization of a Portal 
design database and a folder for storing electronic files in a user-defined path. This same data 
base is then available in the other Portal design modules as the collections of design objects are 
developed. The sequence of modules represents the structure of a design process that helps 
assessment developers work through successive stages or phases of assessment design, from the 
gathering of raw information to the creation of a complete set of specifications for an assessment 
product. 

The Domain Analysis module: Facilitates gathering information related to subject matter 
and product requirements for developing one or more assessments. Document and trifle design 
objects are used to gather information related to subject matter and product requirements for one 
or more assessments. The Domain Analysis module is connected to an assessment design 
database, which stores the objects for this module. The Domain Modeling module: For 
sketching descriptive models of components of one or more assessments. These descriptive 
models should express the substantive assessment argument. The Domain Modeling module uses 
paradigm, aspect and protorule design objects to sketch descriptive models of components of one 
or more assessments. The Domain Modeling module is connected to the assessment design 
database, which stores the objects for this module. 

The Conceptual Assessment Framework (CAF) module: For full (quantitative as well as 
descriptive) specification of a complete set of models for operational components of a particular 
assessment. The Conceptual Assessment Framework (CAF) module includes model, variable, 
rule, and material specification design objects to produce a full set of specifications (quantitative 
as well as substantive) for a complete set of components to be implemented as a particular 
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assessment. The Conceptual Assessment Framework (CAF) module is connected to the 
assessment design database, which stores the objects for this module 

A specification created by the three modules may be used by an assessment creation 
process, which is outside the Portal Assessment Design System. The assessment creation 
process can utilize models constructed with the Portal Assessment Design System of the present 
invention to generate an assessment. 

Fig. 2 illustrates a block diagram of the Domain Analysis module shown in Fig. 1. The 
Domain Analysis module may be connected to a document management server for gathering 
information in a database, such as the assessment design database. The information may include 
images, text, references to hard copies of information, and the like. 

The Domain Analysis module utilizes trifles to structure the data gathering process. 
Trifles are used to structure the initial phase of assessment design, that is the survey of the 
subject matter domain and the various possibilities and requirements for assessment. However, 
the purpose of trifles is not only to describe predefined varieties of assessment design 
information, but also to bookmark, or link, the piece of information to the document which is its 
source. Therefore trifles provide both a structure for the pieces of information that are gathered 
from the document collection and also, once created, provide automated bookmarking to the 
original source of the information. As users employ trifles to structure their data gathering, they 
become aware of deficits in their information. This causes them to seek new sources of 
information in an iterative manner from which they can obtain the needed kinds of information. 

Fig. 3 illustrates a block diagram of the Domain Modeling module shown in Fig. 1. The 
Domain Modeling module includes aspects, paradigms and protorules. The Portal system's 
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Domain Modeling module is intended to enable assessment designers to carry out the process of 
organizing pieces of different kinds of information into working models of proficiency 
(knowledge, skill, or ability targeted by the assessment), evidence (patterns of behavior that 
impact estimates of proficiency), and tasks (how such evidence can be elicited). Design activities 
carried out in Domain Modeling use the trifles created in Domain Analysis and result in the 
creation and maintenance of an aspect collection, a paradigm collection, and a proto rule 
collection which are stored in the project data base. 

Fig. 4 illustrates a block diagram of the CAF module shown in Fig. 1 . The purpose of the 
CAF is to produce fully specified models which can be implemented as the operational processes 
required to deliver an assessment: presentation, evidence identification (response scoring), 
evidence accumulation (summary scoring), and activity selection (task selection and 
sequencing). Design activities in the CAF use the aspect, paradigm, and proto rule collections 
created in Domain Modeling as the basis for development of 1) statistical models of 
proficiencies whose substance was modeled in proficiency paradigms, 2) statistical models of 
evidence whose substance was modeled in evidence paradigms, and 3) more complete 
specification of tasks modeled in task paradigms. In order to do this, the CAF is the place where 
all the considerations relevant to a specific implementation of an assessment are taken into 
account. Design activities in the CAF result in the creation and maintenance of a variable 
collection, a model collection, a materials collection, and a rule collection which are stored in the 
assessment design project database. 

The Portal Assessment Design System embodies a suite of software tools that manages 
and facilitates the creation, maintenance, reuse, distribution and storage of the entire collection of 
evidence-centered designs and design objects using a standardized design database. The tools in 
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combination with the database constitute a powerful capability for capturing, organizing and 
storing assessment design information for use in creating assessments. 

Management of the evidence-centered design object model is achieved through 
computer-based tools that allow the user to create, edit, store/retrieve, report on and search for 
5 assessment design objects. The tools are realized as menu and button functionality in the GUI for 
fit each design module and its associated set of design object forms. This functionality is 

o 

m implemented as a collection of methods associated with each class of design object in the object 

O 

HI model, which, all together, constitute a powerful means for managing the design object model 

hi 

Ul and enabling its storage and access via a standardized data base. The Portal Assessment Design 
OlO System allows for import and export of its design data bases. 

rii 
ru 

FU The next sections describe how to use the Portal Assessment Design System to solve the 

P 

W following assessment design problems: assessment for a non-traditional purpose using more 
complex data available from more complex and/or technologically sophisticated assessment 
tasks; addressing fairness/equity/accessibility for special populations; targeted item generation. 

15 In these following sections, we will walk through how to design a new (biology) 

assessment using the Portal Assessment Design System. Then, using the assessment we have 
just designed, we will describe how the Portal Assessment Design System is used to address 
other design problems: issues associated with fairness/equity for special populations; generating 
assessment tasks targeted at particular levels of difficulty; and developing product spin-offs. The 

20 Portal Assessment Design System may provide a GUI interface that allows users to enter and 
edit information. Some examples of GUI interfaces are illustrated in the figures and described 
below. 
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Portal in General 

As stated above, the Portal Assessment Design System has three design modules: 
Domain Analysis, Domain Modeling, Conceptual Assessment Framework. Each level has its 
own set of objects for organizing information which require increasingly explicit answers to the 
questions: what are the knowledge skills and abilities of interest, what is evidence of these, how 
can situations be structured to elicit this evidence? In Portal, the basic unit of organization is the 
project. The creation of a Portal project (a function available in any of Portal's design modules) 
results in the initialization of a Portal design data base and a folder for storing electronic files in a 
user-defined path. This same data base is then available in the other Portal design modules as the 
collections of design objects are developed. 

Domain Analysis 

The first activities in designing any new assessment are focused on gathering information 
about the subject matter (e.g., biology, American history, etc) and non-subject matter (e.g., 
purpose, cost, legal, etc) requirements for an assessment. This information comes in many forms 
from many different sources: text books, research reports, letters, government publications, 
technical specifications. The task of gathering, organizing and storing this information in a way 
that it is both easily retrievable and sharable by all those involved in designing the new 
assessment is large and complex. 

Design activities carried out in Domain Analysis result in the creation and maintenance 
of a document collection and a trifle collection which are stored in the project data base. 
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The Document Collection 

The Domain Analysis module of the Portal system allows this material to be collected 
and organized into a document collection, where a document is defined logically to include all its 
physical pieces, whether machine-readable or not and regardless of file type. For example, a 
research report in machine-readable form may actually include both text and graphics files, but is 
considered to be one logical unit. 

The Portal system provides two different kinds of document forms to users: one to 
describe documents containing information related to the subject matter domain (domain 
document) and another to describe documents containing information related to non subject- 
matter requirements (requirements document). Each type of document form allows the user to 
describe the specific properties of either a domain or a requirements document; this includes a 
list of the related physical files constituting the document (known as document sections). 
Addition of document sections to a document is accomplished via file explorer capability and 
results in the user being able to open the electronic files associated with a document directly 
from within that document. Documents in machine readable form must have their files placed in 
a documents folder associated with the assessment design project. Domain and requirements 
documents that are not in machine-readable form may also be part of the document collection; 
they are known as reference documents. 

Users manage their document collection through the document management form (Fig. 5) 
which, in addition to the functionality supplied via the menu bar, helps users create, edit, and 
retrieve documents. 
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The Trifle Collection 

As stated above, documents are gathered as the foundational material of assessment 
design because they contain information essential answering questions essential to the design of 
assessment. The nature of this information is constant across assessments regardless of purpose 
or subject matter domain. The various kinds of trifles are a categorical representation of this 
information and addresses the following questions: 

What knowledge is valued within a particular subject matter domain? (valued knowledge 

trifle) 

What work or activities are valued within a particular subject matter domain? (valued 
work trifle) 

What representations do experts within this domain use to capture and communicate 
knowledge? (valued representation trifle) 

How is knowledge structured within the domain? (knowledge structure & relationship 

trifle) 

What is the relationship between knowledge and tasks in the domain? (knowledge/task 
relation trifle) 

What are patterns of behavior that distinguish different levels of proficiency within a 
domain? (performance outcome trifle) 

What are important features of task situations in this domain? (task feature trifle) 

What are the characteristics of existing assessments in this domain? (operational trifles) 
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What are the non subject matter requirements for new assessments in this domain? 
(requirement trifle) 

These questions are the target of design activities throughout all phases of assessment 

design. 

To help users answer these questions from the materials that have been gathered, the 
Portal system provides a trifling, or note-taking, capability. There are three overall categories of 
trifles: 

Analytic, or those appropriate for describing the subject matter domain; 

Operational, or those appropriate for describing characteristics of existing assessments; 

and 

Requirement, or those appropriate for describing non subject matter assessment 
requirements. 

Each category of trifles contains one or more different trifles, each specialized to help the 
user gather specific kinds of information. There are seven different analytic trifles, each with 
somewhat different properties: valued knowledge, valued work, valued representation, 
performance outcomes, task feature, knowledge structure and relationship, knowledge task 
relation. There are three different operational trifles, each with somewhat different properties: 
exemplar of test specs, exemplar of performance, source of stat info. There is only one kind of 
requirement trifle. 

Docket No.: 246400.0159 



23 




Trifles are used to structure the initial phase of assessment design, that is the survey of 
the subject matter domain and the various possibilities and requirements for assessment. 
However, the purpose of trifles is not only to describe predefined varieties of assessment design 
information, but also to bookmark, or link, the piece of information to the document which is its 
source. Therefore trifles provide both a structure for the pieces of information that are gathered 
from the document collection and also, once created, provide automated bookmarking to the 
original source of the information. 

GUI forms may be used to generate different kinds of trifles, such as valued knowledge, 
valued work, performance outcome, valued representation, task feature, knowledge structure and 
relationship and knowledge task relationship. Users may manage their trifle collection through a 
trifle management form (Fig. 6) which, in addition to the functionality supplied via the menu bar, 
helps users create, edit, and retrieve trifles. 

As users employ trifles to structure their data gathering, they become aware of deficits in 
their information. This causes them to seek new sources of information in an iterative manner 
from which they can obtain the needed kinds of information. 

Doing Design in Domain Analysis 

Using the Portal system, design of a new assessment proceeds during the Domain 
Analysis phase as follows: 

Assessment-related material gathered would be have any electronic files associated with 
it moved into the project's documents folder. For any given material, a document would then be 
entered into Portal's document collection as either a domain document or a requirements, with its 
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descriptive properties including its sections (electronic files). (Non-electronic material is 
handled with the designation of 'Reference'.) For example, documents relating to biology 
standards would be entered as domain documents, while documents related to the client's need 
for diagnostic reporting would be entered as requirements documents. 

As designers read through documents in the document collection they would choose to 
make trifles (notes) about particular kinds of information contained therein. For example, a 
document describing biology standards contains many pieces of information about what is 
important for biology students to know and be able to do. Once this document was added to the 
document collection, it could be 'trifled' into valued knowledge and valued work trifles, each 
containing notes which would be bookmarked to the related part of the standards document. 
Once the bookmark was established, the related trifles, which can be searched using a keyword 
capability, would provide an automated 'path' back to the relevant document. In the process of 
going through other documents in the collection, information about patterns of behavior or 
misconceptions of students at different levels of proficiency in biology would be captured in 
performance outcomes trifles; the structure of a high school biology curriculum would be 
captured in knowledge structure and relationship trifles; what knowledge is involved in the 
performance of important kinds of work would be captured as knowledge task relation trifles; the 
representations used to capture and communicate knowledge would be captured as valued 
representations; work products created in existing assessment(s) would be captured as exemplar 
of performance trifles; psychometric performance of existing assessment(s) would be captured as 
source of stat info trifles; assembly of existing assessment(s) would be captured as exemplar of 
test spec trifles. Requirements are used to describe constraints on things like time, cost, and 
other conditions of administration. An especially important use of requirements trifles is to 
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capture reporting requirements describing who will be engaged with the assessment for what 
purposes and who will use assessment information and for what purposes. 

Domain Modeling 

As information about a new assessment is gathered, described and classified in Domain 
Analysis, it can be used in the next phase of assessment design. The Portal system's Domain 
Modeling module is intended to enable assessment designers to carry out the process of 
organizing pieces of different kinds of information into working models of proficiency 
(knowledge, skill, or ability targeted by the assessment), evidence (patterns of behavior that 
impact estimates of proficiency), and tasks (how such evidence can be elicited). Design 
activities carried out in Domain Modeling result in the creation and maintenance of an aspect 
collection, a paradigm collection, and a proto rule collection which are stored in the project data 
base. 

There are five kinds of aspects, which are used in different combinations to build four 
different paradigms; two other kinds of paradigms are build from different combinations of these 
four paradigms. There are three kinds of proto rules. 

The Portal system provides a conceptual and physical bridge between Domain Analysis 
and Domain Modeling by facilitating use of trifles for creating aspects via a promotion function: 
different kinds of trifles map logically to specific kinds of aspects. The aspects and paradigms 
created in Domain Modeling can also be traced back to Domain Analysis via a pedigree function, 
which allows linkage of any aspect or paradigm to one or more trifles (which, in turn have been 
bookmarked to their source documents). In this manner, a trail is established that runs from the 
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original sources of information for the assessment through the design objects created at different 
design phases. 

The Aspect Collection 

There are five kinds of aspects: Claims, aspects of proficiency, knowledge 
representations, descriptors of performance situations, descriptors of performance 
outcomes/behaviors. Aspects are derived from trifles and are used as building blocks for 
paradigms. 

Aspects of proficiency are the kinds of student knowledge, skill or ability important to 
measure in the subject matter domain. They are derived from valued knowledge or valued work 
trifles. 

Claims are the proficiency-related statements we would like to make about students who 
participate in the assessment. Claims, therefore, represent the specific inferences we want to 
make in an assessment about a student's knowledge, skill or ability. In general, they represent 
how interpretations of knowledge, skill and ability will be operationalized for a particular 
assessment product/purpose. They can be thought of as interpretations of states of individual 
aspects of proficiency, or interpretations that can be made as a result of some combining states of 
multiple aspects of proficiency. Most frequently they are derived from valued knowledge, 
valued work or performance situation trifles. 

Knowledge representations are used to describe how knowledge is communicated among 
practitioners in the domain. They are derived from valued representation trifles. 
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Descriptors of performance situations describe features of performance situations or 
tasks. They are derived from performance feature trifles. 

Descriptors of performance outcomes/behaviors are used to describe the essential features 
of student work or behavior that can be used as evidence for some aspect of proficiency. They 
are derived from performance outcome trifles. 

Multiple GUI forms may be used for entering information for different types of aspects. 
Users may manage their aspect collection through the aspect management form which, in 
addition to the functionality supplied via the menu bar, helps users create, edit, and retrieve 
aspects. 

The Paradigm Collection 

There are six kinds of paradigms: proficiency, evidence, task, assembly, presentation, and 
delivery. Different aspects in different combinations are used to build proficiency, evidence, 
task, and assembly paradigms; presentation and delivery paradigms are built from different 
combinations of paradigms. Paradigms are used to organize pieces of related information into 
model-like data structures more appropriate for use with operational assessment processes. 

Proficiency paradigms are descriptive models of what specific knowledge, skills and 
abilities we need to measure to fulfill a particular purpose. They are constructed from aspects of 
proficiency and claims. A proficiency paradigm also includes information about the 
relationships among the aspects of proficiencies it contains, the levels of proficiency within any 
given aspect and how different levels of proficiency in one or more aspects can be interpreted as 
a claim about the student who takes the assessment. 
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Evidence paradigms are descriptive models of how different kinds of evidence relate to 
the aspects of proficiency we want to measure. They are constructed from descriptors of 
performance outcomes/behaviors, aspects of proficiency, knowledge representations, and 
descriptors of performance situations. They also contain evaluation proto rules that describe how 
to evaluate student work to produce evidence, interpretation proto rules that describe how to 
interpret evidence, and parsing proto rules that describe how to process raw data produced by 
tasks to facilitate use by evaluation rules. Evidence paradigms link to proficiency paradigms and 
task paradigms. 

Task paradigms describe features shared by task families, where a family is defined as a 
group of tasks having similar content and response requirements. Task paradigms are 
constructed from knowledge representations and descriptors of performance situations. Task 
paradigms link to evidence paradigms. 

Assembly paradigms describe the collection of paradigms and the selection strategy(ies) 
that are needed to assemble a form, pool or vat of assessment tasks. They are constructed from 
claims, proficiency paradigms, evidence paradigms, and task paradigms. 

Users manage their paradigm collection through the paradigm management form which, 
in addition to the functionality supplied via the menu bar, helps users create, edit, and retrieve 
paradigms. Fig. 7 illustrates a GUI form for entering a presentation paradigm. 

The Proto Rule Collection 

There are three kinds of proto rules: parsing rules, evaluation rules, and interpretation 
rules. Proto rules are contained in evidence paradigms. Parsing rules are used to process raw 

Docket No.: 246400.0159 

29 



P 



• ft 

task response data to produce a knowledge representation for a linked evidence paradigm; 
evaluation rules process these knowledge representations to produce values for the evidence 
paradigm's descriptors of performance outcomes/behavior; interpretation rules describe 
relationships between descriptors of performance outcomes/behavior and aspects of proficiency 
in linked evidence and proficiency paradigms. Fig. 8 illustrates a GUI form for entering proto 
rule information. 

Doing Design in Domain Modeling 

The fundamental goal of creating these design objects in Domain Modeling is to create 
substantive models of proficiencies, evidence and tasks. This means we are trying to model as 
much substantive information related to the assessment's validity argument as possible. 
Paradigms therefore focus on qualitative, as opposed to quantitative, aspects of proficiencies, 
evidence and tasks: the nature of the evidentiary observations necessary to support claims, not 
the number of observations; the nature of tasks that can elicit such evidence as opposed to 
considerations related to their implementation (e.g., response type or mode of presentation); the 
structure of the relationship between what is observed and the related underlying proficiencies to 
be measured, not its statistical properties. Quantitative aspects of design models become 
relevant only when the focus is on a particular assessment product that fulfills a specific purpose 
and set of implementation and/or administrative constraints. In Domain Modeling, we are still 
focused on understanding the nature of the relationships among proficiencies, evidence and tasks 
and exploring possibilities absent these constraints. This understanding is necessary in order to 
optimize cost/benefit decision-making when satisfying constraints in later phases of design and 
implementation. 
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Using the Portal system, design of a new assessment proceeds during the Domain 
Modeling phase as follows: 

As stated above, the Portal Assessment Design System provides support for refinement of 
design objects over multiple design phases, with each phase using objects created in the previous 
phase as the starting point for creating new and more refined design objects. We now have a 
collection of trifles to build on in continuing our design. 

The first order of business is to focus on what we want to assess, that is, what aspects of 
knowledge, skill or ability are of interest to audiences for information from the assessment. We 
first create aspects of proficiency from valued knowledge and valued work trifles (using the 
promotion function). For example, a valued knowledge trifle such as transmission genetics and a 
valued work trifle such as scientific investigation would be promoted into aspects of proficiency 
(with descriptive properties). 

The second order of business is to formulate the assessment's claims. These are 
statements, or specific inferences, we might want to be able to make about students with respect 
to the knowledge, skill and abilities being measured. Claims are formulated to address not only 
the aspects of proficiency of interest in the assessment, but also address the additional questions: 

Who is going to be assessed and for what purpose(s)? 

Who are the intended audiences for information coming from the assessment? 

That is, claims define those inferences about a student's knowledge, skill or ability that 
are relevant to the purpose and potential intended uses of an assessment. It is important to keep 
in mind that at this point, in Domain Modeling, who is going to be assessed and who the 
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intended audiences are for information from the assessment may be very broadly defined; that is, 
we have not narrowed our focus to a specific product. We are thinking about what aspects of 
proficiency, in general, would be of interest in an assessment that supported learning in high 
school biology; who, in general, would use this information; what, in general, would be the kinds 
of claims one would want to be able to make. Therefore, the universe of potential claims of 
interest one can define in Domain Modeling can be quite large. Claims are an amalgam of 
information we have collected in Domain Analysis, typically as requirements trifles related to 
reporting as well as valued work and valued knowledge trifles. So the first step in developing 
claims in Domain Modeling is to find the requirements trifles related to reporting, which 
determine the level of detail and audience focus of claims. (If we find that there are no trifles 
describing reporting requirements, then we need to go back to Domain Analysis and collect this 
information.) The next step is to review our trifles for valued knowledge and valued work, which 
determines the substance of the claims. Once we have identified a coherent collection of all 
these kinds of trifles, the next step is to integrate this information to create one or more claims. 
For example, here are the names of a coherent set of trifles we could use to formulate claims (in 
the tool system, this kind of structure is supported with hierarchy functions): 

Valued Knowledge: transmission genetics, which includes 

Valued Knowledge: mode of inheritance (Mendel's model) 

Valued Knowledge: sexual life cycles 

Valued Knowledge: meiosis 

Valued Knowledge: mechanisms of evolution, which includes 
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Valued Knowledge: mutation 

Valued Knowledge: natural selection 

Valued Knowledge: genetic drift 

Valued Work: scientific investigation 

Valued Knowledge: model-based reasoning 

Requirement (Assessment purpose): to support learning directly 

Requirement (Assessment participant): high school biology students 

Requirement (Audience for assessment information): teachers and students 

Requirement (Intended use of assessment information): to focus classroom activities to 
improve mastery of material 

Here are some examples of resulting claims: 

Claim: student can reason using all elements of Mendel's Model 

Claim: students can use and revise models as part of conducting an investigation in 
transmission genetics 

Claim: students can use and revise models of natural selection as part of conducting an 
investigation in microevolution 

It should be emphasized that the tool system provides support for specific kinds of 
objects with specific properties for describing particular kinds of information; however, creating 
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such information - whether through integration, decomposition or some other analytic process - 
is still an intellectually creative process. 

After we have created a set of claims for an assessment, we turn to the question of 
structuring the knowledge, skill and ability important to measure in a way that more closely 
approximates a measurement model. The next step in the design is to represent this more 
formally as a proficiency paradigm. Our claims have given us a lot of information about the 
knowledge, skill and ability and the related level of detail that we want to report on. 

If we say that claims are statements we make about students who have participated in the 
assessment, they obviously have some relationship to what we want to measure. In fact, claims 
are statements that represent interpretations of students' state with respect to one of more aspects 
of knowledge, skill or ability. In building a proficiency paradigm, we use our claims as possible 
values (or states) of individual aspects of proficiency where appropriate; otherwise claims will be 
expressed later as reporting outcomes resulting from some combination of values from multiple 
aspects of proficiency. Figs. 9A-B illustrate GUI forms for building a proficiency paradigm. 

Because claims are statements that interpret student state on one or more aspects of 
proficiency, there is a direct relationship between claims and aspects of proficiency. A student 
achieves a particular state with respect to a particular aspect of proficiency as a result of the 
accumulation of evidence that bears on that aspect. How we accumulate evidence to support the 
claims we want to make is an important question that we first address by proposing relationships 
among aspects of proficiency . Structures that describe how aspects of proficiency relate to each 
other, or depend upon each other, enable us to begin to understand how evidence, or what we 
observe, depends either directly or indirectly on these proficiencies. For example, if one posits a 

Docket No.: 246400.0159 



34 





relationship between reading and writing such that reading is prerequisite to writing, then direct 
evidence of writing actually also gives us indirect evidence of reading; in other words, evidence 
that bears on writing is confounded with evidence that bears on reading. In order to assure that 
we accumulate evidence in such a way that we can support our claims unambiguously, it is very 
5 important to capture various kinds of dependency relationships among aspects of proficiency. In 
p . Domain Modeling, once we have defined all the aspects of proficiency of interest to us, we use 

p proficiency paradigms to model such relationships. 

CQ 

a 

it\ Because a proficiency paradigm is supposed to represent dependencies among 

[u 

y knowledge, skill and ability in a subject matter domain, its structure comes from the knowledge 

■3 

f 1 10 structure and relationship trifles we have collected. There may be many views of knowledge 

ru 

Hi structure in a domain depending on whether the perspective taken is cognitive, curricular or 

ru 

O whatever. The structure used to guide the proficiency paradigm should be consistent with the 

ru 

purpose of an assessment. That is, if an assessment is supposed to track a student's progress 
through a course, curriculum claims and the structure of the proficiency paradigm must be 
15 consistent with that. If, on the other hand, an assessment is supposed to identify conceptual 

difficulties across course material then both claims and the structure of the proficiency paradigm 
need to be consistent with that. 



Once the proficiency paradigm has been drafted, the next design task is to begin to 
formalize the evidentiary requirements that support the claims it represents. This is done by first 
20 using trifles to develop the building blocks for evidence paradigms and then building the 
evidence paradigms themselves. 
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For each claim, we identify and describe the nature of student work that would constitute 
evidence for the claim. That is, what we would need to observe. We can use our performance 
outcome trifles to support this work and promote them into descriptors of performance 
outcomes/behaviors; each includes a range of possible values that might be produced as the 
5 result of evaluating student work. Fig. 10 illustrates GUI forms for editing descriptors of 
performance outcomes/behaviors. 



Jjf Once defined, we can use these descriptors in two ways: first, they help us think about the 

I j^j actual work or performance a student would have to produce in order to make these kinds of 

m 

y observations; second, they help us construct the response scoring rules that evaluate such student 

3 

Q 10 work to produce the range of possible values specified for each descriptor of performance 



representation trifles we created in Domain Analysis should give us a lot of information about 
how people in this subject matter domain communicate with each other — the 'language' of the 
15 domain. For example, mathematicians use number systems and other symbols to communicate 
knowledge; architects use blueprints constructed from a standardized set of objects; dentists use 
tooth charts. Knowledge representations can be used to specify how information is to be 
captured from the student; they may also be used to specify how information will be conveyed to 
the student. 

20 Parsing proto rules are used to describe how raw response data can be refined into a work 

product amenable to processing by evaluation rules. For example, parsing rules would determine 
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outcomes/behaviors . 



We describe student work in knowledge representations; of course, the valued 



Docket No.: 246400.0159 



?7 



how answer sheets containing penciled-in bubbles for could be turned into logical information in 
electronic form that could actually be scored with an automated key-matching algorithm. 

We use Evaluation proto rules to create the rules that define how specific knowledge 
representations will be evaluated to produce values for descriptors of performance 
outcomes/behaviors (or what we observe). These rules are designed to group specification of 
what knowledge representation is being processed, what descriptor of performance 
outcomes/Behaviors is being set, and the text statements of the rule itself. We use interpretation 
proto rules to specify how descriptors of performance outcomes/behaviors impact aspects of 
proficiency in the proficiency paradigm. These rules are designed to group specification of what 
claim(s) are related to the descriptors of performance outcomes/behaviors, what aspects of 
proficiency are affected by what descriptors of performance outcomes/behaviors, and the text 
statements of the rule itself. So while evaluation proto rules tell us how to process the work 
coming from tasks, interpretation proto rules tell us how to use the results of that processing to 
support our claims. We use interpretation proto rules to identify which claims can be supported 
by the descriptors of performance outcomes/behaviors produced from a knowledge 
representations and which aspects of proficiency should be updated as a result of observing this 
evidence; interpretation proto rules are also used to begin to specify how much the observed 
values of descriptors of performance outcomes/behaviors should change our estimates of 
whatever aspects of proficiency are involved. Fig. 1 1 illustrates an example of an interpretation 
proto rule GUI form. 

Once we have all these design objects in place, we can use them to build evidence 
paradigms. Evidence paradigms form a bridge between proficiencies and tasks. There are two 
parts to them: first, the bridge to the task side is an evaluation component consisting of the 
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evaluation rules that process student work (knowledge representations) to produce values for 
descriptors of performance outcomes/behaviors; second, the bridge to the proficiency side is a 
'weight of evidence' component consisting of interpretation proto rules that describe the impact 
of such descriptors on aspects of proficiency in a proficiency paradigm. This is a central piece of 
our validity argument since it makes explicit not only what we are measuring (proficiencies) and 
how we will get data from the student (knowledge representations), but lays out unambiguously 
what features of student work have evidentiary value, how these essential features are evaluated, 
and how those evaluations change our estimates of specific student proficiencies. 

Once we have created some of the building blocks for our evidence paradigms, in 
particular the descriptors of performance outcomes/behaviors and the knowledge representations 
that would be the most likely containers for them, we can begin to work on tasks, using task 
paradigms. At this stage in assessment design, tasks and evidence are developed in an integrated 
and iterative manner. Task paradigms do not describe individual instances of tasks; rather they 
describe families or groups of tasks, all of which have certain features in common: the same 
knowledge representations for conveying information to the student; the same knowledge 
representations for capturing information from the student; the same set of descriptors of 
performance situations. The kinds of knowledge representations we need to see produced as 
student work are the primary linkage between evidence paradigms and task paradigms: since 
evaluation proto rules are designed to process a particular kind of student work (knowledge 
representation), obviously the related task paradigm must produce that student work. Therefore, 
the first step in developing a task paradigm is to include the knowledge representations that it 
will produce as student work. Beyond that, descriptors of performance situations are the primary 
building blocks for task paradigms. They are used to specify 1) the features of the knowledge 
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representations presented to the student, 2) the focus of the actual task the student is asked to 
perform, and 3) the situation in which the knowledge representations are presented and the task 
request made. Therefore, the next step is to create the set of descriptors of performance 
situations relevant for a given family of tasks. Descriptors of performance situations include 
possible values the descriptor can take and an ability to assign the descriptor to one or more 
usage categories. 

Once these descriptors have been defined, they can be used in combination with 
knowledge representations to build task paradigms. 

When a descriptor of performance situations is added to a task paradigm, it takes on a 
role; that is, while it may be a descriptor that describes something about the setting of a task (its 
category), every descriptor will play out in one of several different ways within a particular task 
paradigm. A descriptor in the setting category may affect the difficulty of the task in some 
families (paradigms), but only impact the realism of the task in other task paradigms. All tasks 
developed from the same task paradigm use descriptors of performance situations in the roles 
assigned to them in the paradigm. Fig. 12 illustrates example roles of descriptors of performance 
situations in a task paradigm. 

The descriptors of performance situations in task paradigms are not set to any of their 
possible values; the values of the descriptors represent potential for tasks belonging to that 
family. However, task skeletons (Fig. 13) may be created from a task paradigm. Skeletons are 
versions of the task paradigm in which one or more of the descriptors of performance situations 
have been set to one of their possible values. Task skeletons are direct replications of their task 

Docket No.: 246400.0159 

39 



40 



paradigms that provide support for setting individual descriptors of performance situations to 
specific values. 

The last step in Domain Modeling is to develop one or more assembly paradigms for a 
particular assessment. An assembly paradigm is a container for all the proficiency, evidence and 
task paradigms that would be used in a particular assessment. It facilitates consistency checking 
to assure that the proficiencies, evidence and tasks specified for an assessment in fact support the 
assessment's claims. In addition, the assembly paradigm provides support for specifying the task 
selection strategies and algorithms necessary to assemble forms, pools and vats of tasks for the 
assessment. 

Conceptual Assessment Framework (CAP 7 ) 

The purpose of the Portal Assessment Design System's Conceptual Assessment 
Framework (CAF) is to produce fully specified models which can be implemented as data 
structures for the operational processes required to deliver an assessment: presentation, evidence 
identification (response scoring), evidence accumulation (summary scoring), and activity 
selection (selection and sequencing). Design activities in the CAF use the aspect, paradigm, and 
proto rule collections created in Domain Modeling as the basis for development of 1) statistical 
models of proficiencies whose substance was modeled in proficiency paradigms, 2) statistical 
models of evidence whose substance was modeled in evidence paradigms, and 3) more complete 
specification of tasks modeled in task paradigms. In order to do this, the CAF is the place where 
all the considerations relevant to a specific implementation of an assessment are taken into 
account. Design activities in the CAF result in the creation and maintenance of a variable 
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collection, a model collection, a materials collection, and a rule collection which are stored in the 
project data base. 

There are three kinds of variables, which are used in different combinations to build three 
different models; three other kinds of models are built from different combinations of these three 
models. There are three kinds of materials and five kinds of rules. 

The Portal system provides a conceptual and physical bridge between Domain Modeling 
and the CAF by facilitating use of aspects for creating variables via a promotion function: 
different kinds of aspects map logically to specific kinds of variables. The variables and models 
created in the CAF can also be traced back to Domain Modeling via a pedigree function, which 
allows linkage of any variable or model to one or more aspects or paradigms (which, in turn have 
a pedigree to their trifles which, in turn are book-marked to their source documents). In this 
manner, a trail is completed that runs from the original sources of information for the assessment 
that carries through the design objects created at different design phases. 

The Variable Collection 

There are three kinds of variables: student model variables, evidence model variables, 
and task model variables. Variables are derived from aspects and are used as building blocks for 
models. 

Student model variables are objects representing the specific knowledge, skill or ability 
important to measure in the subject matter domain for a particular assessment; the values defined 
for a student model variable represent meaningful (wrt the purpose of the assessment) and 
distinguishable levels of proficiency for that targeted knowledge, skill or ability. Student model 
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variables thus concern characteristics of students. They are derived from aspects of proficiency. 
Student model variables differ from their related aspects in that their relationships with other 
student model variables can be specified statistically. 

Evidence model variables are objects representing the specific observations that will be 
absorbed as evidence of particular student proficiencies. Evidence model variables (or 
observables) thus concern characteristics of performances. They are derived from descriptors of 
performance outcomes/behaviors. Evidence model variables differ from their related aspects in 
that their relationships with student model variables can be specified statistically. 

Task model variables are objects representing the specific features of task families that 
will be used to elicit the student work and performances necessary to making required 
evidentiary observations. These are the features that need to be specified when a task is actually 
authored (that is, implemented). Task model variables thus concern characteristics of the 
situations in which evidence is obtained. They are derived from descriptors of performance 
situations. Task model variables differ from their related aspects in that they have been 
particularized to the constraints and affordances of a particular assessment product and contain 
information needed for the task authoring processes that occur as part of implementing an 
assessment (subsequent to design). Similarly to domain analysis and domain modeling, GUI 
forms may be used for generating and editing task model variables. Fig. 14 illustrates a GUI 
form for entering information for the student model variable, and Fig. 15 illustrates a GUI form 
for entering information for the evidence model variable. 
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Users manage their variable collection through the variable management form which, in 
addition to the functionality supplied via the menu bar, helps users create, edit, and retrieve 
variables. Fig. 16 illustrates a variable management form. 

The Model Collection 

There are six kinds of models: student models, evidence models, task models, assembly 
models, presentation models and delivery models. Different variables in different combinations 
are used to build student, evidence and task models; assembly, presentation and delivery models 
are built from different combinations of models. Models are used to organize pieces of related 
information into data structures that can be used directly to implement data structures required by 
the four kinds of assessment delivery processes: presentation, evidence identification, evidence 
accumulation and activity selection. 

Student models contain both descriptive and quantitative information specifying for 
which knowledge, skill and ability evidence will be accumulated across tasks and summary 
feedback will be reported. They are constructed from student model variables, reporting rules, 
and target rules. Because the student model is where we manage our uncertain knowledge about 
these variables, it also includes statistical definitions of relationships among the student model 
variables it contains, the levels of proficiency (states) within any given variable, and how 
different levels of proficiency defined for one or more variables can be interpreted as a claim 
about the student who participates in the assessment (relevant claims created in Domain 
Modeling participate indirectly in student model development through student model variable 
development and reporting rule specification.) 
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Evidence models contain both descriptive and quantitative information specifying how 
different kinds of evidence relate to the variables of interest in the student model. They are 
constructed from evidence model variables, student model variables, material specifications, and 
task model variables. They also contain evidence rules that evaluate specific student work to 
produce values for evidence model variables. Evidence models link to student models and task 
models. 

Task models specify features shared by task families, where a family is defined as a 
group of tasks having similar content and response requirements. Task models are constructed 
from material specifications, task model variables, and specification rules. Task models link to 
evidence models and presentation models. Task models differ from task paradigms in that the 
task model variables and material specifications they comprise are fully specified for meeting the 
constraints of a particular assessment product. Task models contain material specifications (type 
= Work Products) that must be compatible with evidence rules specified in the related evidence 
models and that also must be compatible with presentation capability described in the related 
presentation model (type = Presentation Material and type = Work Products). 

Assembly models specify the collection of models and the selection of strategy(ies) that 
are needed to assemble a form, pool or vat of assessment tasks. They are constructed from 
student, evidence and task models and constraint rules. 

Presentation models specify the requirements for a collection of task models with respect 
to capability for presenting materials to assessment participants and capturing work products 
from assessment participants. 
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Delivery models contain the collection of models that constitute specifications for the 
four assessment delivery system processes: task models and presentation models for the 
presentation process, evidence models for the evidence identification and evidence accumulation 
processes, assembly models for the activity selection process. 

The Material Specification Collection 

There are three kinds of material specifications: presentation material, evidence rule data, 
and work products. Presentation material specifies the material presented to the assessment 
participant and must be compatible with delivery system presentation process capability; 
presentation material is derived from Domain Modeling knowledge representations. Evidence 
rule data specifies the material (e.g., solutions or keys) that evidence rules (type = Evaluation) 
use to evaluate work products; evidence rule data is derived from Domain Modeling proto rules 
(evaluation). A work product specifies the material captured as a response and processed by the 
evidence rules (type = Parsing and type = Evaluation) and must be compatible with delivery 
system presentation process capability; work products are derived from Domain Modeling 
knowledge representations. 

The Rule Collection 

There are five kinds of rules: reporting rules, evidence rules, specification rules, target 
rules, and constraint rules. Reporting rules are contained in student models. Evidence rules 
(type = parsing) are used to process raw task response data to produce a work product for an 
evidence model; evidence rules (type = evaluation) also process these work products to produce 
values for the evidence model's variables. Evidence rules are derived from Domain Modeling 
proto rules. Specification rules are contained in task models and are used to process presentation 
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material to produce values for task model variables. Constraint rules and target rules are 
contained in assembly models and are used to select tasks for forms, pools and/or vats. 

Doing Design in the CAF 

The primary goal of developing these design objects in the CAF is to create models 
sufficiently detailed and quantified that they provide adequate specification of data structures for 
the assessment's implementation and delivery processes. As stated above, the Portal Assessment 
Design System provides support for refinement of design objects over multiple design phases, 
with each phase using objects created in the previous phase as the starting point for creating new 
and more refined design objects. 

Although the fundamental design questions remain constant across phases, in the CAF 
we have the following additional question to answer: 

How do the requirements (constraints) for a particular assessment product modify the 
design we have created in Domain Modeling? 

These constraints typically relate to the processes required to deliver the assessment. 
These are illustrated in the diagram below. 

Mapping Evidence-Centered Design CAF Objects to Assessment Delivery System 
Processes 

The Four Process Assessment Delivery System architecture is shown in Fig. 17. One of 
the benefits of using the evidence-centered assessment design object model is the way in which it 
maps to the operational processes required to deliver an assessment. This object model also 
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informs implementation processes (e.g., item authoring) and maintenance processes (e.g., 
statistical calibration). The CAF is the design phase during which the constraints that exist in 
delivery system processes must be traded off against the requirements of claims, content and 
purpose already represented in the substantive design of the assessment. The CAF models 
described map to delivery system processes as depicted in Fig. 18. 

Fig. 18 illustrates that assessment design in the CAF includes an interaction between 
these processes and CAF models. CAF objects may have to be created to be compatible with 
hard constraints for existing delivery processes (e.g., paper&pencil presentation, automated key- 
matching algorithms for multiple choice responses, number right summary scoring); or CAF 
objects may be created as specifications for novel delivery system processes (e.g., Web 
presentation, automated scoring for open-ended performances, Bayes net summary scoring on 
multiple aspects of proficiency). It is important to note that delivery process requirements 
cannot be considered piecemeal: the response captured by the presentation process impacts 
response scoring which, in turn, impacts summary scoring. Even though the CAF concerns itself 
with the bridge to implementation, it goes without saying that, whatever the constraints on 
various delivery system processes (or the implementation processes involved in creating the 
content and operationalizing these processes) CAF objects must ultimately accommodate both 
assessment purpose and the substantive validity argument represented in domain model design 
objects. 

Fig. 19 illustrates the task/evidence composite library, which contains all information 
necessary to support the operation of the four processes in delivery of a specific assessment. The 
information contained in the task/evidence composite library, which takes the form represented 
below, is derived from CAF models because the models supply the specifications for 
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implementation of data structures for the various processes. Therefore, infrastructure processes, 
which are focused on implementation and maintenance of this information, can similarly be 
mapped to the relevant CAF models. 

The role of the CAF models, then, is to serve as the bridge between design and 
5 implementation of an assessment's validity argument. This mapping is a very valuable 
J=J dimension of using the evidence-centered assessment design object model. 

PS 

Following from this, therefore, the goal of activities in the CAF is to take the substantive 

En 

|j models developed in Domain Modeling and integrate them with the additional information 

Eil 

« resulting from the application of specific product requirements and constraints. Using the 

n 

fULO paradigms constructed in Domain Modeling as the substantive foundation, design activities in 

n | 

rU- the CAF undertake to transform the substantive, or qualitative, validity argument into one that 
W can be modeled statistically via the student model (what claims, or inferences, we want to make 
about examinees who participate in the assessment), the evidence models (what we need to 
observe as evidence in support of these claims), and the task models (the situations and tasks that 
15 afford the examinee the opportunity of providing such evidence). Models therefore focus on the 
quantitative aspects of relationships among proficiencies, evidence, and tasks resulting from 
design features constrained by implementation and operational requirements for a particular 
product. Models must also include other requisite technical information for use in 
implementation processes (e.g., authoring of task material for presentation via a particular 
20 platform or medium, implementation of automated response scoring or task selection functions). 
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We use the Domain Modeling collections of aspects and paradigms to build on in 
continuing our design. Using the Portal system, design of a new assessment proceeds during the 
CAF phase as follows: 

The first order of business is to select those claims, from the universe we defined in 
Domain Modeling, that are most relevant to the assessment product. In order to do that, we 
consider the questions [Who is going to be assessed and for what purpose(s)? and Who are the 
intended audiences for information coming from the assessment?] much more narrowly; that is, 
not who could be assessed (e.g., any high school biology student), but rather who will be 
assessed (e.g., remedial high school biology students). The purpose of the assessment sharpens 
focus to support learning in this particular population of students, as does the definition of the 
audience for assessment information (e.g., teachers and parents of remedial students, as well as 
the students themselves). Taking this information into account has important consequences for 
the selection (from the potential universe) of claims we will want to make about these students. 

Once we have selected the claims relevant for this product, we can refine our idea of 
which aspects of knowledge, skill and ability we will have to measure. Although we have 
defined a potential collection of these aspects in Domain Modeling and used them to construct 
proficiency paradigms, our now circumscribed set of claims may mean that certain of these 
aspects are no longer of interest to us. When we have selected the set of aspects of proficiency to 
match our claims, we transform them into student model variables in the CAF. The next step is 
to consider how to construct a student model using these student model variables. We can use a 
related proficiency paradigm to guide the structure of relationships among variables in the 
student model. It is important to keep in mind that the design of the proficiency paradigm in 
Domain Modeling was guided by the claims for which evidence would be required; that is, it 
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provided an explicit structure for defining the assessment's evidentiary requirements. In the 
CAF, however, we are primarily concerned with the operationalization of this paradigm; that is, 
given the purpose of the assessment, what will have to be reported and how will the student 
model have to be structured to optimize it computationally. 

Now that we have our claims and we have our student model, we need to think about 
formalizing the relationships between claims and the student model. That is, we need to define 
states for our student model variables and reporting rules for our student model. The relevant 
claims in our example assessment relate to a student's mastery of particular science standards- 
based aspects of biology knowledge, skill and ability; that is, they place students at different 
levels of mastery for particular aspects (represented by the student model variables) of a 
standards-based high school biology course. The claims we report are actually the final outcome 
in an entire chain of inference - from how we update our estimate of a student's proficiency 
based on observable evidence (addressed in evidence models), to how we interpret the final 
estimate as a claim. As stated previously, a claim can be mapped to a particular state of a student 
model variable, or it may be an inference we make as the result of combining states on multiple 
student model variables. 

In either case, every claim we want to make explicitly with respect to the results of the 
assessment needs to be defined in a reporting rule, where the rule describes how a particular 
value of a student model variable, or particular combination of values of multiple student model 
variables, maps onto a claim that appears in some form in the assessment's score report. 
Reporting rules are contained in the student model. Fig. 20 illustrates a GUI form for entering 
the student model variable with its states. Fig. 21 illustrates a GUI form for entering a reporting 
rule for the student model. 
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The final step in creating the student model requires specifying statistical relationships 
among the variables in our student model. To this point, the structure of the student model, as 
guided by the relevant proficiency paradigm, simply tells us what is connected to what. These 
relationships indicate dependencies among the various aspects of knowledge, skill and ability. In 
our example student model (see Fig. 22), for instance, the student model variable WK (Working 
Knowledge) represents use of disciplinary (declarative) knowledge in ways that require cross- 
disciplinary connections and/or relationships with unifying concepts. Therefore, in the student 
model this variable is connected to DK (Disciplinary Knowledge i.e., domain-specific facts and 
procedures) in a way that means that students' state with respect to Working Knowledge depends 
on students' state with respect to Disciplinary Knowledge - in other words, students' success in 
actually using domain-specific knowledge in various ways depends on their degree of mastery of 
disciplinary knowledge. Specifications for an operational student model must not only define the 
substantive nature of these dependencies, they must also define the quantitative effects of 
updating these variables; i.e., the impact of the direction and magnitude in change of state for 
any given variable must be defined for its dependent variables. CAF functionality supports 
statistical specification of these relationships in terms of probability distributions. These 
distributions are defined via conditional probability tables. Student model variables are typically 
initialized to states that reflect assumptions (derived from expert opinion) about the population of 
individuals who will take the assessment. Fig. 22 also illustrates an example of the student 
model with its distribution objects. 

Now that we have developed an initial version of our student model, we can proceed with 
task and evidence model development. In the development of our task models, we begin with 
the design of task materials to be presented to examinees and the work products that capture 
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student work. In the CAF, task materials presented to examinees are described in presentation 
material design objects. Information captured from students as their responses is described in 
work products. Presentation material and work products are both derived from the domain- 
specific knowledge representations developed in Domain Modeling. However, they are 
5 particularized to the presentation process used in delivery. (Reference to the delivery system 

^ t figure reminds us that the presentation process not only presents task materials, but also captures 

p student work.) 



Work products are also an important element of evidence models. Work products are 
design objects that describe how the substantive response to be evaluated (defined as a 
p 10 knowledge representation processed by proto rules in domain modeling) is customized to be 



rU compatible with presentation process requirements. In the domain of transmission genetics, the 

ru 

C3 nature of the information an examinee must communicate in constructing the standard form of a 

ru 

hypothesis related to mode of inheritance consists of chromosome type, alleles, dominance 
relationships, and phenotype/genotype relationships. This sort of task could be implemented in a 

15 variety of ways (e.g., free-form construction of the hypothesis, selection of the correct hypothesis 
via multiple choice response). In the example work product shown above, the web-based 
presentation requirement has resulted in a drag/drop task. Work products actually constitute the 
bridge between task and evidence models and between presentation and evidence identification 
processes; the presentation process must be able to capture the work product that the evidence 

20 rules in the evidence associated evidence model are designed to evaluate for production of 
observable variable values. 

In addition to containing definitions of presentation material and work products, task 
models provide the means to define the collection of task model variables that specify all aspects 
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of the performance situation, including content characteristics of presentation material (i.e., 
stimulus, prompt, instructions) and the task environment (i.e., tools, scaffolding, etc). Once a 
collection of task model variables has been included in a task model, their roles in that particular 
task model can be determined. It is important to keep in mind that the only difference between 
task paradigms and task models is that task models specify a particular implementation of the 
substance described in the paradigm. Given this fact, task models serve as specifications for the 
authoring of the presentation materials as well as for dynamically variable task-dependent 
aspects of the presentation process. Increasingly detailed specifications for groups or families of 
tasks can be created using task specification design objects, which (like task skeletons in Domain 
Modeling) allow for the setting of particular values for one or more specific task model 
variables. The actual authoring of a specific task (which is outside the scope of design) must be 
consistent with the values for task model variables in the task model or task specification from 
which it is derived. Presentation material, work products and task model variables are all 
derived from Domain Modeling aspects and can be created via promotion. 

With the completion of the task model, we move on to specification of its related 
evidence model. It is important to note that the sequence of the design process in the CAF 
differs somewhat from that in Domain Modeling: in Domain Modeling, once the knowledge 
representations have been defined, one goes back and forth between evidence and task models 
working through the needed observables. However, in the CAF sequence, since the substance 
has already been modeled, task and evidence models can be developed in a more linear way. 

Because the bridge from task to evidence models is the work product, we begin with 
elements of the evidence model that relate to the work product. A work product contains the 
examinee's response as constructed and captured in a particular presentation process. Evidence 
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rules of the parsing type 'unwrap' the response (for example, bubbles on an answer sheet must 
be scanned to create an electronic representation of examinee responses that can actually be 
evaluated in an automated way). (Depending on the interface between presentation and evidence 
identification processes, parsing may or may not be required.) Evidence rules of the evaluation 
type process the 'unwrapped' work product to produce values for observable evidence model 
variables. Observable evidence model variables are derived from descriptors of performance 
outcomes in our aspect collection; they can be created via promotion. Evidence rules are derived 
from proto rules. Again, the difference between proto and evidence rules is that evidence rules 
address both the substance specified in the proto rules and the requirements of the evidence 
identification process; that is, how the rules are to be operationalized. Fig. 23 illustrates an 
example of the evidence model. 

We have seen that evidence paradigms and evidence models have analogous elements 
that address the evidence identification process. In an evidence paradigm, the evaluation type 
proto rules specify how knowledge representations produced as student work are to be processed 
to produce values for performance outcomes. In an evidence model the equivalent elements are 
evaluation type evidence rules, work products and observable evidence model variables. 
Evidence paradigms and evidence models also have analogous elements that address the 
evidence accumulation process. In an evidence paradigm, interpretation type proto rules specify 
which aspect(s) of proficiency are updated by which performance outcomes; the magnitude and 
direction of this updating are also addressed in interpretation type proto rules, but only 
descriptively. In an evidence model the element that addresses evidence accumulation is 
specified statistically as a graph that incorporates evidence model variables, the student model 
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variables they update, and statistical distributions between them that formally characterize 
magnitude and direction of updating. 

In addition, evidence models differ from evidence paradigms in that they do not need to 
maintain substantive distinctions among evidence model variables. This is true because evidence 
5 models are operationalizations of evidence paradigms (which have already accomplished 
substantive design). They need to be optimized for operational conditions. Therefore, the 

£3 

;r statistical portion of an evidence model (that is, the student model variables updated, the number 

Co 

g of observable evidence model variables, and the structure of the relationship between student and 

hi 

juj evidence model variables) may be created to be reused with different evidence rules across 

$ 

p 10 multiple evidence models. This is illustrated in the example evidence model, whose graph 

rij 

ffj represents the relationship of several evidence model variables (common across different task 

ru 

p models) and their student model variable 'parents' . This is an example, therefore, of an evidence 

III 

model that can be re-used with different tasks. However, while the structure of evidence models 
may be common across many tasks, the distributions that describe the magnitude and direction of 

15 updating vary from task to task. An interesting and critical design activity in moving from 

Domain Modeling to the CAF is the taking into account of delivery system process requirement 
impact on the validity argument. For example, if student work captured by a presentation 
process has to be implemented in the form of multiple choice response work products, the 
evidence observed in such responses (i.e., observable evidence model variable values produced 

20 by evidence rules) may have a considerably different impact on related student model variables 
than evidence observed in responses captured as open-ended constructed response work 
products. Therefore, the design information contained in interpretation type proto rules must be 
considered carefully in developing statistical evidence models that are consistent with such work 
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product constraints. (It should be noted that constraints on work products may arise from either 
presentation or evidence identification process requirements - or both.) 

As many task and evidence models must be developed in the CAF as are necessary to 
provide support for the assessment's claims. The nature of the observations necessary to support 
any given claim was originally defined in Domain Modeling. The task models we develop in the 
CAF formalize the requirements for various kinds of observations by taking delivery 
requirements into account. However, the number of observations of various kinds needed to 
support the assessment's claims has not yet been addressed. In the CAF we must rely on 
information collected from research and operational assessments (stored as various types of 
operational trifles) to provide the backing for decisions made with respect to how many of each 
kind of observation is necessary. This information contributes to the development of the 
assessment's assembly model. The assembly model pulls together the assessment's student, 
evidence and task models, as well as its reporting rules (which reference claims). At this point a 
consistency check can be done to assure coherence of the various models. The number of 
observations required is expressed as target rules and constraint rules (as applicable). Target 
rules use student model variable states as the means of determining (during assessment 
administration) how many of which kinds of tasks (each of which yields specific observations) 
need to be included in an examinee's form. Given that this means of assembling an examinee's 
assessment form is consistent with purpose, the use of target rules can induce significant 
requirements for delivery system processes (particularly evidence accumulation and activity 
selection). Constraint rules use task characteristics (as specified via task model variables) as the 
means of determining how many of which kinds of tasks need to be included in an examinee's 
form. (The number of various kinds of observations needed of course guides task pool 
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development through authoring of individual tasks using CAF task models and task specification 
objects.) 

Working through design activities in the CAF to produce a student model, an assembly 
model and collections of evidence and task models completes work on the validity argument for 
the assessment. Our activities now have to focus on assuring that all the constituent elements are 
packaged together in a way that integrates the necessary information for delivery of the 
assessment. This is achieved through use of CAF presentation and delivery models. The 
presentation model is a collection of all the task models that have to be accommodated by the 
assessment's presentation process. In addition, the presentation model specifies non-task 
specific characteristics of the presentation environment. The presentation model is important 
because it represents an aggregation of all presentation requirements; considering such 
requirements in the aggregate is valuable to the extent that it reveals complexities and 
incompatibilities not apparent in individual task model requirements. 

The CAF delivery model enables putting all the pieces together to create a container for 
all elements of the design, along with additional properties for specifying delivery process 
requirements. This is the last step in the design process for a new assessment. 

Where design leaves off and implementation begins 

The CAF represents the last phase of assessment design activities. That is, most models 
produced in the CAF represent specifications for operational data structures and processes - not 
the data structures and processes themselves. What do we mean by this? This is essentially the 
difference between specifications for a thing and the thing itself. Specifications for an object 
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capture all its essential qualitative and quantitative characteristics and provide clear and rigorous 
guidelines to implement instances of that design object. 

Our example student model as a design object specifies all aspects of an operational 
student model - its variables and the statistical characteristics of their relationships and 
5 interactions, as well as the nature of the processing necessary to 'run' it. But our student model 
as a design object does not actually include the functions or processes that make the model 'run' 

n 

— in this case the routines responsible for actually propagating evidence throughout the model 

P 

pi (updating it). Our student model also does not represent the state of any particular student's 

W 

|i| knowledge, skill or ability. In an operational assessment each student will have their own copy, 

O10 or instance, of the student model (sometimes referred to as a score model) which will be updated 

jf|J 

m using the specific outcomes of their specific performances on specific tasks. 

til Further, any given implementation of a particular design object will vary to the extent 

that multiple instances satisfy the design specifications. For example, specifications for a 
subtraction task that include a task feature for the minuend that calls for the use of a two digit 
15 integer and a task feature for the subtrahend that calls for use of a single integer could generate 
many instances of subtraction problems that satisfy those criteria. 

To continue, any evidence model contains evidence (evaluation) rules that are applicable 
to the related work product(s) from any instance of a task described in the task model (or 
skeleton) to which it is linked. The statistical portion of any evidence model describes the 
20 generalized relationship between each and every observable produced by the evidence rules and 
student model variables, both with respect to the structure of the relationship and the weights 
(direction and magnitude of updating student model variables) of the observables. An evidence 
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model does not represent an instance of how to produce observables for a particular instance of a 
task, but rather for how to produce observables for a set of tasks with common characteristics. 
By the same token, the statistical portion of an evidence model characterizes the average 
relationship between its observables and student model variables, as opposed to relationships that 
are particularized to any given task. 

To this point we have considered only functionality in the Portal Assessment Design 
System related to design and design objects. However, the tool system also includes some 
special-purpose capabilities for implementation of state-of-the-art student and evidence models: 
export of student and evidence models as compiled Bayes networks compatible for use with an 
evidence accumulation process (see 4-Process Delivery architecture ) incorporating the ERGO™ 
(Noetic Systems) Inference Engine. The Portal Assessment Design System also includes 
generation of the assessment description file, another implementation capability required for use 
of this same kind of evidence accumulation process. 

Other uses of the Portal Assessment Design System 

The detailed example we have just worked through describes how one would design a 
new assessment from scratch. Portal can be used for other purposes as well, all of which come 
into play once a repository of design objects has been created. All these other uses, therefore, 
fall into the category of re-use of design objects and include (but are not limited to) 

Targeted item writing: A subset of design objects for an assessment, such as task 
specifications and their linked evidence models, can be used to generate assessment product 
tasks with predictable statistical performance characteristics to augment task (item) pools (or 
vats). 
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Fairness/accessibility for special populations: A collection of design objects that specifies 
an assessment for a standard population can be re-used to incorporate the modifications 
necessary to accommodate one or more special populations (i.e., populations with non-standard 
demographic or background variables, such as learning/physical disabilities or language 
proficiency issues). The benefit in using the evidence-centered design methodology as 
embedded in the tool system is that the validity argument for a specific population engaging with 
an assessment is made explicit through a design process that assures coherence between 
population characteristics, required evidence and/or salient features of performance situations. 

Development of spin-off products: A collection of design objects that specifies an 
assessment can be re-used to incorporate the modifications necessary to specify one or more 
additional members of a family of assessment products. For example, elements of a design for a 
high-stakes biology assessment can be re-used in the design of a related biology learning 
assessment. 

Development of new products: Elements of collections of design objects for different 
assessments can be reused/re-combined to develop new assessment product(s). 

While this invention has been described in conjunction with the specific embodiments 
thereof, it is evident that many alternatives, modifications and variations will be apparent to 
those skilled in the art. There are changes that may be made without departing from the spirit 
and scope of the invention. 
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